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Abstract: 
    We have investigated the electronic and magnetic properties of perovskite SrRu1-
xIrxO3 (0.0 ≤ x ≤ 0.25) thin films grown by pulsed laser deposition on atomically-flat (001) 
SrTiO3 substrates. SrRuO3 has the properties of a ferromagnetic metal (resistivity 
 200 µΩ·cm at T = 300 K) with Curie temperature TC ~ 150 K. Substituting Ir
 
(5d
5+
) for 
Ru
 
(4d
4+
) in SrRuO3, films (0.0 ≤ x ≤ 0.20) showed fully-metallic behavior and ferromagnetic 
ordering, although  increased and the ferromagnetic TC decreased. Films with x = 0.25 
underwent the metal-to-insulator transition (TMIT∼75 K) in , and spin-glass-like ordering 
(TSG∼45 K) with the elimination of ferromagnetic long-range ordering caused by the 
electron localization at the substitution sites. In ferromagnetic films (0.0 ≤ x ≤ 0.20), 
increased near-linearly with T at T > TC, but in paramagnetic film (x = 0.25) increased as 
T
3/2 
at T > TMIT. Moreover, observed spin-glass-like (TSG) ordering with the negative 
magnetoresistance at T  TMIT in film with x = 0.25; validates the hypothesis that (Anderson) 
localization favors glassy ordering at amply disorder limit. These observations provide a 
promising approach for future applications and of fundamental interest in 4d and 5d mixed 
perovskites. 
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I. INTRODUCTION 
     Tuning the electronic and magnetic ground states in strongly-correlated transition metal 
oxides (TMOs) have become important goals in condensed matter physics and materials 
science following the discoveries of metal-insulator transition (MIT), high-temperature 
superconductivity, and colossal magnetoresistance.[1-3] Among numerous transition metal 
oxides, 4d element Ru
4+
-based transition-metal perovskite SrRuO3 has many intriguing 
properties,[4] especially its low resistivity ρ ~ 200 µΩ·cm at room temperature, and 
ferromagnetism with Curie temperature TC ~150 K and a saturation magnetic moment 1.1 ≤ 
µB/Ru
4+ ≤ 1.6 .[4-9] The origin of ferromagnetism in this compound remains subject to 
debate[10-12] because its saturation moment is less than the magnetic moment expected for 
the localized 𝑡2𝑔
4  low-spin configuration of Ru
4+
 ions in an octahedral crystal field of O ions. 
Many authors believe that the ferromagnetism of perovskite SrRuO3 is of itinerant (Stoner-
type) nature because this structure predicts that in SrRuO3, Coulomb interaction U among 
itinerant electrons induces the spin split in the electronic band structure associated with the 
hybridization between the Ru (t2g)–O (2p) orbitals which results in preferable spin 
directions.[13-18] SrRuO3 can also be regarded as a bad metal.[7,19-21] 
      Transport and magnetic properties of perovskite SrRuO3 can be tuned by chemical 
doping.[22-31] In particular, the Ru-site chemical doping effect in SrRuO3 has been 
investigated by doping with a 3d magnetic (Fe
3+
, Mn
3+
, Co
2+
, Ni
2+
), a 3d non-magnetic (Mg
2+
, 
Sc
3+
, Pb
4+
, Ti
4+
), and a 4d element (Rh
4+
) elements; results included suppression of the 
ferromagnetic TC and to the metal-insulator transition in the electronic transport. Doping with 
a 3d element hinders hybridization between Ru 4d and O 2p orbitals; in general this 
phenomenon localizes the charge carriers because 3d orbitals are generally more localized 
than are 4d orbitals. When Rh is used as a dopant, 4d Rh
4+
 doping changes the electronic 
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configuration from 4d
4
 to 4d
5
, and the Ru-site randomness has significant effects on the 
electronic and transport properties.[32] 
     Substituting a 5d based transition metal (let’s say Ir4+) element in the place of Ru4+, in a 
4d (Ru
4+
) based ferromagnetic metal SrRuO3 would be of fundamental interest in condensed 
matter physics, because transition metal oxides based on 5d  elements show many correlated 
quantum phenomena due to interplay between electron correlation and spin-orbit coupling 
(SOC).[33] Consequently, a 5d element has a wider d orbital, but weaker correlation (U) than 
do 3d or 4d elements, so replacing a 4d element with a 5d element should increase the band 
width W and therefore decrease the overall effective interaction U/W. These changes might 
affect the overall magnetism, because SrRuO3 has strong ferromagnetism of itinerant nature 
(band magnetism). Furthermore, the ionic radius of Ru
4+
 is different from that of Ir
4+
, so 
replacing Ru
4+ 
with Ir
4+
 would change the B-O-B bond length and B-O bond angle (B is 
related to the ABO3 perovskite); these changes would also affect W and U/W. One fascinating 
characteristic of oxides based on heavy 5d elements is that the oxides have very strong SOC 
 z4.[34] Therefore, substituting Ir4+ for Ru4+ will increase SOC, because Ir has z = 77 
whereas Ru has z = 44. In this study, we assessed whether doping 5d element Ir into SrRuO3 
provides emergent phenomena not observed in systems doped with 3d or 4d elements. Since 
SrRuO3 is nearly cubic perovskite and have wide-range of applications including as 
electrodes and junction layers in microelectronic devices,[35-37] it would also be desirable to 
have control over its functional properties from all possible aspects, considering the progress 
in superlattice thin film growth. 
      Here, we have systematically investigated the evolution of the electronic and 
magnetic properties in perovskite SrRu1-xIrxO3 (0.0 ≤ x ≤ 0.25) thin films. The characteristics 
of the perovskite were affected by x. Over the range 0.0 ≤ x ≤ 0.20, increased and 
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ferromagnetic TC decreased. At x = 0.25, the compound showed a low temperature metal-
insulator transition in , and ferromagnetic TC was fully suppressed with the observation of 
spin-glass like behavior at T < TMIT. Interestingly, we find that although for all the 
ferromagnetically ordered films (0.0 ≤ x ≤ 0.20), above T>TC, resistivity follows a near-linear 
T dependence. In contrast, film with no long-range magnetic order (x=0.25) follows a T
3/2 
temperature dependence in resistivity above T>TMIT. Also negative MR was observed at T  
TMIT, supporting the localization picture with the coexistence of spin-glass ordering. Our 
effort would probably be a unique example to investigate the maneuver of the electronic and 
magnetic properties of perovskite SrRuO3 thin films by doping a 5d based transition metal 
element Ir on Ru-site. 
II. EXPERIMENTAL METHODS 
      We used pulsed laser deposition to grow high-quality epitaxial ~70-nm films of the 
SrRu1-xIrxO3 (0.0 ≤ x ≤ 0.25) on TiO2-terminated SrTiO3 (001) substrates. The system uses a 
KrF laser with a wavelength 248 nm, with laser energy density 2 J cm
−2
 and a repetition rate 
of 4 Hz focused on the target. Substrate temperature was ~680 °C and O2 partial pressure was 
20 mTorr. The distance from the target to the substrate was ~50 mm. To compensate for 
oxygen vacancies, all films were cooled slowly (~7 °C/min) in the same O2 partial pressure. 
For each compositional deposition, we used different targets made by stoichiometric mixing 
of SrCO3, IrO2 and RuO2 raw powders and sintering them at T = 1000 °C at ambient pressure. 
Before growth, SrTiO3 substrates (miscut  0.1°), were made to be atomically flat with one 
unit-cell step height by using conventional etching and annealing process.[38] Each film’s 
epitaxial pseudo-cubic phase was characterized by an x-ray diffraction (XRD) -2 scan 
using a Diffractometer (Rigaku). The temperature-dependent  of each film was measured 
using the four-terminal van der Pauw transport measurement technique performed with a 
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Physical Property Measurement System (Quantum Design) at temperatures 10 K ≤ T ≤ 300 K. 
Magnetization of each film was measured using a Physical Property Measurement System in 
field-cooled (FC) and zero-field-cooled (ZFC) configurations at applied field strength of 
1000 Oe. Magnetoresistance was measured with magnetic field magnitude up to ± 9 T, 
applied perpendicular to the film surface. 
III. RESULTS AND DISCUSSION 
   Structurally, SrRuO3 crystallizes in an orthorhombic distorted GdFeO3-type perovskite 
structure (space group Pbnm) with lattice parameters a = 5.53 Å, b = 5.57 Å, and c = 7.85 Å 
at room temperature.[39] In contrast, the analogous perovskite structure of SrIrO3 (space 
group Pbnm) with lattice parameters a = 5.56 Å, b = 5.58 Å, and c = 7.89 Å can only be 
formed at high temperature and pressure.[40] The pseudocubic (ac) lattice parameter of bulk 
perovskite SrRuO3 converted from the orthorhombic lattice parameters is ~3.93 Å and the 
perovskite SrIrO3 pseudo-cubic (ac) lattice constant is ~3.96 Å. XRD -2 scans of the 
SrRu1-xIrxO3 thin films (0.0 ≤ x ≤ 0.25) on the SrTiO3 (001) substrates (Fig. 1a) show only 
film and substrate peaks of perovskite origin, and no impurity peaks. As x increased, the 2 
value of the film peak maximum decreased (Fig. 1b); i.e., the film’s out-of-plane lattice 
constant increased assuming its in-plane lattice constants are locked. This change is plausible 
as according to Vegard’s law, at constant temperature, the crystallographic parameters of a 
continuous substitutional compound vary linearly with the concentration.[41] Considering 
that all films were grown at the same temperature and O2 partial pressure, these results 
indicate that as x increased, pseudo-cubic lattice constants and the overall unit cell volumes 
also increased. The films also show uniform layer thickness fringes (Fig. 1b), which confirm 
good crystalline quality, consistent thickness of the film, and homogeneous nature of the film 
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surface. Ambient atomic force microscopy (AFM) shows (not shown here) that films surfaces 
were nearly flat with roughness ~ 1-2 nm.         
     Having confirmed the good crystalline quality, we then measured  of all samples 
(Fig. 2). The parent SrRuO3 had  210 µΩ·cm at T = 300 K and a ferromagnetic transition 
at TC ~ 150 K, which is signaled by the presence of an anomaly in  at T ~ 150 K, which we 
attribute to the ferromagnetic ordering. These numbers are close to the reported value of 
 ~ 190 µΩ·cm at T = 300 K for bulk high-quality single crystals of SrRuO3 [6]. Irrespective 
of the origin of the ferromagnetism, doping with Ir decreased TC from ∼150 K (x=0.00) to 
~90 K (x=0.20) (Fig. 2, arrows). Doping with Ir increased also, but films with x ≤ 0.20 
showed fully metallic behavior (decrease of  with decrease in temperature) down to T = 10 
K; this trend indicates that our films do not suffer severely from disorder due to flaws as such 
as grain boundaries and step edges, which may cause even parent SrRuO3 to show an increase 
in  at low temperature [42], although there always be a possibility of crystallographic 
disorder due to atomic substitution, since increasing Ir concentration increases the resistivity.  
       At x = 0.25,  increased to ~1000 µΩ·cm at T = 300 K, and low-temperature metal-
insulator transition in  occurred at TMIT ~75 K (Fig. 2). A similar feature has been observed 
in Ir-doped SrRuO3 films with x = 0.50 (TMIT ~80 K).[43] More importantly, the film with x = 
0.25 did not show kink or unusual behavior in  over the temperature range 10 K ≤ T ≤ 300 K; 
i.e., presumably the film did not have any long-range ferromagnetic ordering. This 
observation is substantiated by the temperature derivative of resistivity (TDR) curves dρ/dT 
(Fig. 3): TDRs of all SrRu1-xIrxO3 thin films with x ≤ 0.20 showed an anomaly (Fig. 3a) 
consistent with long-range magnetic ferromagnetic ordering, but no anomaly in TDR was 
observed in the film with x = 0.25 (Fig. 3b); this lack confirms that the film has no long-range 
magnetic order. Also quite interesting to notice that in the film with x=0.25, the sign of the 
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TDR changed at T ~75 K; this change has been associated empirically with a phase transition 
from metal-to-insulator.[44] 
    The variation in  vs. T in SrRu1-xIrxO3 thin films is interesting, because  of SrRuO3 
changes almost linearly with T even at higher temperature, and passes through the Mott–
Ioffe–Regel limit.[21] This almost-linear T dependence has been attributed to electron-
phonon scattering at T > TC. Also, SrRuO3 is apparently a Fermi liquid at very low T  TC; 
this transition has been attributed to the scattering mechanism of weakly interacting 
particles.[19] Therefore, considering the fact of ferromagnetic to paramagnetic crossover in 
mind, we analyzed the temperature-dependence of  in the one film with long-range 
ferromagnetic ordering (x=0.10) and one with no long-range magnetic ordering (x=0.25). 
     In the film with long-range ferromagnetic ordering (x=0.10) (Fig. 4a) the relationship 
between  and T was almost linear at T > TC, and showed Fermi liquid behavior at 10 K ≤ T ≤ 
30 K. Fitting the temperature dependent resistivity to the typical formula ρ = ρ0 + AT
2 
(inset, 
Fig. 4a) yielded residual resistivity ρ0 = 0.30986 mΩ·cm which measures scattering due to 
disorder, and temperature coefficient A = 1.42610-8 µΩ·cm∙K-2 which represents the 
scattering strength. Variations in  were similar in the other ferromagnetically-ordered films 
(x ≤ 0.20; data not shown). These results in SrRu1-xIrxO3 thin films with x ≤ 0.20 are 
consistent with the reported behavior at T ≥ TC (near-linear T dependence) and at T ≤ TC 
(Fermi liquid) for ferromagnetic SrRuO3.[19] 
     In contrast, in the film with no long-range magnetic (x = 0.25),  follows a T3/2 
dependence at 300 K ≥ T ≥ TMIT. Resistivity fitting yielded A∼5.11×10
-8
 Ω·cm∙K-1.5, which 
is close to the value of ~3 - 5×10
-8
 Ω·cm∙K-1.5 that is common in other strongly-correlated 
electron systems such as Na0.5CoO2 and CaVO3.[45] The increase in  at T ≤ 25 K can be 
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fitted with the three-dimensional variable range hopping model (i.e., ln(σ) ∝ 1/T1/4; inset, 
Fig. 4b).
 
Increase in x in SrRu1-xIrxO3 thin films from x = 0.20 to x = 0.25 eliminated the long-
range ferromagnetic order, and changed the relationship between  and T as it changed from 
 ∝ T to  ∝ T3/2. This  ∝ T3/2 relationship in the metallic region (300 K ≥ T ≥ TMIT) and 
three-dimensional variable range hopping fitting at T ≤ TMIT have also been observed in our 
recent report in perovskite SrRu0.5Ir0.5O3 and SrIrO3 thin films grown on (001) SrTiO3 
substrates.[43,46] This T
3/2 
dependence of  at x = 0.25 may occur because as the system goes 
through the transition to the Mott-Hubbard regime from the itinerant side, the quasi-particle 
scenario breaks down and non-Fermi liquid resistivity (ρ ∝ T3/2) is predicted to be associated 
with the scattering between localized electrons by locally cooperative bond-length 
fluctuations and itinerant electrons.[45] We observed no spin fluctuation (ferro or anti-ferro) 
(next section), and TMIT was quite high (TMIT∼75 K) in our system; for these reasons we can 
exclude the possibilities of (1) self-consistent renormalization based on spin fluctuations 
mechanism for the T
3/2 
variation in resistivity, (2) the contribution of the incoherent part of 
electron magnon scattering to resistivity showing a T
3/2 
dependent at low temperature, and (3) 
the low temperature Kondo effect for upturn in resistivity.[47-49]
 
      To confirm the systematic variation in magnetic ordering in our samples as 
observed in the resistivity, we measured the magnetization as a function of temperature for 
0.0 ≤ x ≤ 0.25 thin films at applied magnetic field along perpendicular to the plane (i.e., out-
of-plane). In the field-cooled (FC) measurements, magnetic ordering temperature decreased 
as TC changed from ~150 K at x = 0.00 to ~90 K at x = 0.20 (Fig. 5). Doping with Ir magnetic 
impurity seems to have caused increase in magnetic disorder due to the randomness between 
Ir
4+
 and Ru
4+
 moments, which hinders the hybridization between Ru 4d orbitals and O 2p 
orbitals and localizes the carrier. This localization depletes the DOS near EF and thereby 
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suppresses the Stoner instability and the reduction in the ferromagnetic TC.[31] 
    Increasing x to 0.25 did not cause any long-range ferromagnetic ordering, because it 
was fully suppressed (more magnetic impurity related disorder effect). This result is 
consistent with the lack of a kink in the resistivity curve (Fig. 2). But even in this scenario, 
the possibilities of local magnetic ordering and freezing of ferromagnetic clusters cannot be 
ignored. The magnetization measurement (Fig. 6a) for x = 0.25 film shows a visible cusp in 
the zero-field-cooled (ZFC) configuration at TSG∼45 K; this is characteristic of spin-glass-
like behavior. The possibility that this spin-glass effect is caused by the substrate can be 
excluded, because the SrTiO3 substrate is diamagnetic. Similar spin-glass-like behavior at TSG
 
~ 25 K has also been observed in SrRu0.5Ir0.5O3 thin film.[43] The very weak cusp with 
almost flat magnetization curve can be attributed with: (1) the moment of the film was very 
low (as expected for a system containing a 5d element that has weak correlation) even at low 
temperature (with respect to parent SrRuO3), (2) although there is no mean ferromagnetism as 
the interaction of spins dissolved in a matrix, but there might exist a ground state with spins 
aligned in a particular direction and hence the applied magnetic field is not adequate to align 
all the domains along the direction of the field.[50] It should stressed that spin-glass is a 
nontrivial phenomena which arises due to competitive interactions between disorders and 
magnetic frustration and cannot be described by a single parameter. Below this spin-glass 
ordering temperature, at T = 10 K, the film had negative magnetoresistance (Fig. 6b). In 
general, shrinkage of the localized electron wave function results in a decrease in the hopping 
rate and an increase in , and together these changes result in a positive MR.[51] This wave 
function shrinkage mechanism cannot explain the observed negative MR in our system. 
Therefore the observed negative MR at T ≤ TMIT may be related to the weak localization 
quantum interference mechanism.[52] This coexistence of the spin-glass ordering and the 
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insulating region in is consistent with the hypothesis that the (Anderson) localization favors 
glassy ordering at amply disorder limit.[53]  
      At present, a complete microscopic description of the nature of above transitions is 
lacking, but the Ir-doping effect in SrRuO3, origin of disorder and thus the suppression of the 
ferromagnetic TC can be understood qualitatively within the context of Anderson-Hubbard 
Hamiltonian picture, because it considers all relevant energy terms including U, hopping 
integral between neighboring sites, and a random site potential. This model can explain the 
destruction of coherent scattering as well as the breakdown of the quasi-particle scenario 
which decreases the density of states near level EF and hence decreases the ferromagnetic TC. 
[31] Doping the SrRuO3 with a 3d or 4d element localizes the carriers and induces disorder 
(which results in the metal-insulator transition and suppression of TC) would be somewhat 
similar considering its almost similar energy scale of U, W and SOC. In general, SrRuO3 has 
no local magnetic moment, and, therefore, may be considered as a classical itinerant 
ferromagnet. Based on above facts, replacing Ir
4+ 
in Ru
4+
 site, it is then difficult to understand 
that magnetism in Ir doped SrRuO3 changes to local ferromagnet (or spin-glass-like) because 
Ir
4+
 (5d) is more spatially extended than Ru
4+
 (4d). However, a 5d element might induce an 
extra term in the Hamiltonian because a 5d element has large spin-orbit coupling. We 
presume that strong spin-orbit coupling (w. r. t. 3d and 4d) and low on-site Coulomb 
interaction (w. r. t. 3d and 4d) of 5d element compromise the relevant effect in the band 
picture. If this hypothesis is correct, the 5d doping effect in SrRuO3 should be similar to the 
doping effect of 3d or 4d systems. This possibility can be tested by spectroscopy and optical 
conductivity measurements. Apart from magnetic disorder, we cannot neglect other 
possibilities of disorder due to the structural defects, vacancies, stoichiometry variations, and 
the inter-diffusion between the film-substrate interfaces which originates due to the release of 
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strain energy in the highly strained thin film, and these are obvious facts which should be 
kept in mind for further experimentations. 
 
IV. CONCLUSIONS 
      We grew high-quality epitaxial thin films of perovskite SrRu1-xIrxO3 (0.0 ≤ x ≤ 0.25) 
on atomically-flat SrTiO3 (001) substrates, and measured the films’ electronic and magnetic 
properties. Resistivity measurements showed fully metallic behavior for films with 0.0 ≤ x ≤ 
0.20, but a low temperature metal-insulator transition (TMIT∼75 K) in film at x = 0.25 due to 
the disorder-related carrier localization effect. Simultaneously, the ferromagnetic TC 
decreased as x increased and the ferromagnetic long-range ordering disappeared at x = 0.25. 
At x = 0.25, the SrRu1-xIrxO3 showed spin-glass like behavior at TSG∼45 K which is below 
the metal-insulator transition temperature (TMIT ~ 75 K). Resistivity in the paramagnetic 
region (T ≥ TC) followed a near-linear T dependence in all ferromagnetically ordered films 
(0.0 ≤ x ≤ 0.20), but a T3/2 dependence at x = 0.25 that has no long-range magnetic order. 
These observations suggest that disorder induced by the random distribution of Ir
4+
 magnetic 
impurities over Ru
4+
 sites hinders the hybridization between the Ru (t2g)–O (2p) orbitals and 
localizes the carriers, thus reducing the ferromagnetic TC. The film with x = 0.25 had a low 
metal-insulator transition (TMIT∼75 K) temperature and glassy-like ordering (TSG ~ 45 K) 
with negative magnetoresistance at T=10 K; these characteristics are consistent with the 
hypothesis that the (Anderson) localization favors the glassy phase in a strongly-correlated 
system at the certain disorder limit.  
    Above results provide basic information on the effects of replacing 4d Ru
4+
 with 5d 
Ir
4+
 in perovkite SrRuO3. Further microscopic analysis of the films, especially near the 
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ferromagnetic to spin–glass crossover region might provide insight into the mechanisms that 
cause the observed behaviors of the films. Spectroscopic measurements might help to 
quantify the effects of each element and the magnetic behavior. The dependence of TC on x 
observed in our study should be sought in other substrates also to determine whether it is 
universal or instead depends on the amount of the strain (e.g., TC vs. x vs. strain) that is 
caused by the film-substrate lattice mismatch, because strain always has a strong influence on 
thin film functionalities. Although, our macroscopic transport measurements provide only 
qualitative insights into the origin and nature of the evolution of the electronic and magnetic 
state, but they can guide further investigations to understand the physical origin of the 
electronic and magnetic properties caused by 5d transition metal doping of strongly 
correlated oxides, and may enable novel device applications and new emergent phenomena, 
especially from the SrRuO3-SrIrO3 superlattice perspectives.   
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FIGURE CAPTIONS 
FIG. 1. (Color Online) (a) X-ray diffraction -2 scans of perovskite SrRu1-xIrxO3 (0.0 ≤ x ≤ 
0.25) thin films grown on atomically-flat (001) SrTiO3 substrates. (b) As the Ir concentration 
(x) increases, (001)C peak position shifts toward the lower angle values (dashed vertical line). 
This means that with the increase x, pseudo-cubic lattice constants and overall unit cell 
volumes increase assuming a linear relationship between the end members ac ~ 3.93 Å 
(perovskite SrRuO3) and ac ~ 3.96 Å (perovskite SrIrO3). 
FIG. 2. (Color Online) Resistivity of SrRu1-xIrxO3 thin films (0.0 ≤ x ≤ 0.25). At x ≤ 0.20, 
films show fully metallic behavior within 10 K ≤ T ≤ 300 K. At x = 0.25, a metal-to-insulator 
transition occurred at TMIT ~ 75 K due to the localization effect (magnetic impurity disorder 
effect). Pink arrows: ferromagnetic transition for 0.0 ≤ x ≤ 0.20 films; ferromagnetic TC 
decreases as x increases, and does not occur at x = 0.25. 
FIG. 3. (Color Online) (a) Temperature derivative of resistivity (TDR) shows anomalies at 
the ferromagnetic transitions temperature in SrRu1-xIrxO3 (0.0 ≤ x ≤ 0.20) thin films. (b) TDR 
curve of film at x=0.25 did not show any anomaly related to ferromagnetic transition.  
FIG. 4. (Color Online). Resistivity  vs. temperature T of SrRu1-xIrxO3 films (a) x = 0.10: the 
film was ferromagnetic with  ∝ T at T < TC, and showed Fermi liquid behavior at T < TC 
and within 10 K ≤ T ≤ 30 K (inset). (b) For x = 0.25: the film had  ∝ T3/2 at T ≥ TMIT, and 
showed three-dimensional variable range hopping behavior (ln σ  1/T1/4) within 10 K ≤ T ≤ 
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25 K. 
FIG. 5. (Color Online) Field-cooled (FC) magnetization measurements of SrRu1-xIrxO3 (0.0 ≤ 
x ≤ 0.20) thin films. With increasing x, ferromagnetic TC decreases as the magnetic disorder 
due to Ir doping on Ru site becomes increasingly random and increasingly hinders 
hybridization between Ru (t2g)–O (2p) orbitals, and thereby localizes the carriers. 
FIG. 6. (Color Online) (a) Zero-field-cooled (ZFC) and field-cooled (FC) magnetization 
measurements of the SrRu0.25Ir0.75O3 film. Visible cusp at TSG ~ 45 K in ZFC measurement is 
the signature of spin-glass-like ordering. (b) SrRu0.25Ir0.75O3 film had transverse negative 
magnetoresistance at T = 10 K at magnetic field -9 ≤ B ≤ 9 T. 
 






